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Drag measurements have been made 011 the 10-percent  -thick wing, 
8-percent-thick tail and the 8-percent-thfck wing, 6-percent-tuck tail 
X-1 alrplanes In a joint Air Force-XACA flight -test program at Muroc 
Air Force Base, California. The Mach nrrmber range covered in these tests 
was f m m  approximately 0.7 t o  1 . 3 .  

The results indicate that the &rag of the 10-percent-thick wing 
airplane w&8 caneidembly  greater than that of the 8-percent-thick w k g  
airplane, a6 much as 80 percent at Mach m e r  = 1.0 - Interference shown 
t o  be  present between fueelage and Xing makes the separation of wing drag 
asd fuselage-tail drag diff icul t  . 

Values of airplase lift-drag ra t io  for the two airplanes -re qui-fie 
l o w  at Mach nuzdber = 1.0, being 1.5 and 2.8 for  the 10 -percent-thick wing 
and 8-percent-thick airplanes, respectively. A Uft-drag 
ra t io  for the  8-percent  -thick wing airplane of from 3 .O to  3.5 wa8 Mi- 
cated for the optimum l i f b  coefficient  condition at  Mach n e r  % 1.16. 

In the  course of loads and s tab i l i ty  and control flight tests on the 
X-1 airplanes a t  Muroc Alr Force Baee, CaUfornia, drag meamremsnts were 
made on both the 10-percent-thick wing and 8-percent-thick wing X - 1  air- 
planes. These tes ts  were a g a r b  of a JoFnt Air Force-NACA transonic- 
Bupersonic flight-test pr0gra.n~. Since primary interest in the X-1 flight- 
test program concentra;ted an s tab i l i ty  and contml and 10- m e a m -  
menta, it uae not  poasible t o  lndxll bstrumentatian especfally suited 
for drag -measurements; but, Instead, it was necessary to  use 3n~t-t~ 
already In the airplane for these  other  tests. 
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. T h i s  report  gives  the  results  of over-all drag measurements of the 
two X - 1  airplanes in the Mach nurdber range of approximately 0.7 to 1 . 3 .  
These results are limited  inasmuch as data  were  available from only a 
f 0 W  fUght8 

i 

M airplane Mach nmber 

Q stream  dynamic  pressureJ  pounds  per squqe foot 

cea airplane n o m - f  orce  coef f fc ient 

c airplane  total drw coefficient  based on wing area 
Dt 

Cd 
T 

D 

W 

S 

n 

section  normal-force  coefficient 

airplane lift-drag ratio 

section  lift -drag ratio 

section  chordw-ise  force  coefficient 

section  lift  coefficient 

section drag coefficient 

thrust of rocket motor, pounds 

drag  of airplane, pounds 

weight of airplane, p o d s  

airplane wing area, square feet 

acceleration, g mite 

% acceleration alang airplane  longitudinal d e  

n acceleration normal to airplane longitudinal a 3 i s  

n accelemtion along fllght  path 
v 

f .p. 

a angle between  airplane  lon&tudinal axis and the  flight  path, 
degree8 
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value of a a t  % = 0 

rocket 

rocket 

thrust 

rocket 

rocket 

c m e r  pressure, pounds per square inch absolute 

nozzle throat  area, square inches 

coefficient of rocket system 

nozzle exi t  area, square inches 

nozzle design  discharge  preseure, pounds per s q w e  Fnch 
absolute 

anibient pressure, poundri3 per square inch  absolute 

The general  physical  characteristics of the Bell X - 1  tspe  airplane 
are reported i n  reference 1. The 10-percent-thick win@; and 8-percent- 
thick wTng airplases  differ only in and tail thickness. Both air- 
planes are powered  by a four-cylfnder l iquid-fuel  rocket -type engine 
havfng a 6WO-pound static  sea-level thrust rating. Throttling 1s 
obtained only Fn increments of 25 percent, 50 percent, 75 percent, end 
100 percent of fu l l  rating. 

The over-all drag data presented  herein have been evaluated by the 
acceleromter method (reference 2) where 

D = T - WnfmP 
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and 

n = % cos a - n  sina f .p. V ’  

T = P,pLtCf + Ae(Pe - Pa] 

The values of PC and Pa were recorded, the other  quantities were 
obtained f r o m  teet  data supplied by the manufacturer. The weight of the 
airplane waa obtained frm a the h i d o r y  of propellant and nltrogen 
cans-mption and the gross weight at the time of drop of the X-1 f’rm 
the B-29. 

A standard NACA three-component record.ing accelerameter was mounted 
near the center of gravity of the airplane with the three axes of the 
instrument  respectively  pamlJ.el ~ t h  the three axe8 of the airplane. 
Prom these recorda,  values of n, %, and n were obtained. 

V 

An average value of dC da of O.=, based on values 0bt-d from d 
transonic wing flow and tunnel tests of the X - 1  airplane (references 3 
and 4), was used to’ determine a. 

Errors that nay be present h quastfties recorded and computed are 
believed t o  be within the folbwing  limits: 

T . . . . . . . . . . . . . . . . . . . . . . . .  +5percent 
W . . . . . . . . . . . . . . . . . . . . . . . .  *Spercent 
n . . . . . . . . . . . . . . . . . . . . . . .  f .p. fO .03@r 

SX . . . . . . . . . . . . . . . . . . . . . . . .  *3 percent 

M . . . . . . . . . . . . . . . . . . . . . . . .  fO .02 
C 
Dt 

A t  M X 0.8, at altitudes 20,000 feet  . . . . .  f 30 percent 
A t  M Z 1.1, at altitudes 45,030 feet  . . . . .  percent 
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It should  be polpted out that, since the accuracy  of determining 
drag coefficient depends in part on the measurement of the  acceleration 
along the flight path n a greater degree of accuracy would be 
exgected for  flights made at low altitudes where higher  values of Q 

and therefore higher rat ios  of airplane drag t o  airplane w e i g h t  would 
prevail. 

f .p. 

thick tail canfigUratinn is shown in figure 4 for  two flights. Ih both 
of these flights, climbs were started at agproximatelg 25,000 feet  with 
three rockets on shortly mer drop from the B-29. The clhibs were  con- 
tinued t o  an alt i tude of  approximately 45,000 feet. The clbibs were not 
steady and this fact  raqy account for  some of the  scatter of the data 
points. The Cn in these tests varied fram an average  value of 0.4 at 
low speed t o  0.2 at  high meed. Sufficient data were not  available to 
present drag curves for constant % conditione. The drag  variation 
for  the two flights up t o  a Mach  number of 1.1 is similar. A t  higher 
Mach nmibers, sufficient data wBre not available f r o m  flight 15 to compme 
the two sets of data. Fair- of the points available has been made but, 
due to  the  scatter of the data, no significasce shonld be placed on the 
differences in the faired  curves. It should be noted that the group of 
points f g r  flight 15 at M = 1.18 was obtained fn a 20-second level 
stabilized run after climbing, whereae the  points in the k c h  nmker range 
of M = 1.1 to M = 1.32 f o r  flight 16 were obtained in a shallow dive 
while the airglase w w  acceleratfng. It is possible that t h e   W e r e n c e  
between these two flight conutions accounts for a pEcrt of tHs disagree- 
ment. In both flight 15 and flight 16, power-off data points were 
obtaked. These are indicated in figure 4 by flagged  points. The power- 
off  points were  obtained w h i l e  the airplane was decelerating a f t e r  r o c k t  
power w a ~  turned off. The scatter of the power-off pofnte about the 
faired curve6 waa random and typical of t he  rest of the data. It may be 
seen that no s i w f i c a n t  difference exists between the power-on and 
power-off conditione. 

D m  of 10 -percent -thick wing asd 8-percent -thick tail airplane. - 
In f fgure 5 is ehown the  variation of C w i t h  M f o r  the  10-percent- 

thick wing and 8-percent-thick tail airplane. The points  with the solid- 
line fairing  represent  the results of a single flight, flight 14. T h i s  
flight was  made eomewbat slmllar  to the thin-wing test. A clAib waa begun 

=t 
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at an altitude of approximately 25,000 feet  on four  rockets shortly after 
the X - 1  was dropped frm the B-29. This clbib W&B continued t o  
45,000 feet  altitude. A level  stabilized run was then made f o r  20 seccmb, 
represented by the group of data  points a t  M = 1.1. Again aa on the 
thin" teste,  the clinib waa not  steady and this  unsteadiness may 
account f o r  part of the scatter of the chta points. The CN in this 
flight v u i e d  from as average low-speed value of 0.4 t o  a high-epeed . 
value of 0.2. Sufficient data were not obtained on this a m l a s e  t o  show 
the  effect of Crr on the over-aJl  coeff iciant C . Also shown in 

figure 5 is a comparison of the fl ight  results with wlnd-tunnel tes ts  
' (reference 4) and drop-del tests (reference 5 )  of the X-1 airplane  with 
10-percent-thick wing and 8-percant-thick tail configuration. The drop- 
mdel and tunnel results were Znterpohted t o  obtain C at values of 

. 

=t 

Dt 

cw corresponding t o  those  obtain&d in f l igh t   t es t s .  

Comparison of drag results.- In figure 6 is shown a comparison of 
the drag of the u3 -percent-thick wing and 8-percant-thick wing airplanes 
&B a G c t i o n  of Mach nmiber. The &g of the  10-percent-thick wing 
airplane is 80 percent greater a t  M = 1.0 and 60 percent greater at 
M = 1.1 than  the drag of the  8-percent-thick  airplane. inasmuch 
as the drag of the 8-percent-thick wing alone Is believed t o  be less than 

increase due t o  the  thicker wing is about  twice that t o  be expected if 
the wing drag is assumed t o  vazy as the square of the  thiclmess r a t i o  

effect of thickness on uing drag, m e  reference 6 ) .  

two-thirds the t o t a l  drag of the  8-percent-thick w i n g  airplane, the drag 

. (an assunption generally useful to obtain a first approxtaation of the 

Interference of Fuselage w-ith *.- It might be expected that the 
blunt -elage of the X-1 airplane would caw8  comidemble  interference 
~ t h  the wing,.ma;klng the  separatim of wing and fu6e-e drag diff icul t .  
In figure 7 is S ~ W R  the variation of the  eection chordwise force coef- 
ffcient cc w-ith  Mach nlmiber. 5 s e  data were obtafned from an evalu- 
ation of pressure-distributim mea6uremsnts made in flight at the 
midsemispas etation on the  8-percent-thick wing airplane. These pressure - 
distribution test8 have been reported in reference 7. In the Mach number 
range of M = 0.92 t o  1.30, in figure 7, the chordwise force is very 
nearly the section pressure drag a t  zero lift. Then it I s  seen that  the 
peak section drag occurs a t  a Mach  number of 0.92. In t es t s  made at the 
Langley LEtboratory of f ree-fal l  models with similar wings attached t o  
cylindrical bodies having l o w  interference w5th the wing, the Xing zero- 
l i f t  drag reached a mxirurm at  a Mach number of about 0.97 (reference 8). 
It is then  evident  that a t  the midsemispan station of these tests,  the 
fuselage has increaaed  the  local  stream Mach nmiber by 0 .O5. It can be 
expected that at the wing root the  effect will be 1110- than the 0.05 
ef fec t   a t  the midsemispan station. &om these  results, it can be 
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concluded that the fuselage is a f f e c t i q  the velocity  field of the wing 
and it would be diff icul t  to divide the  over-all airplane drag i n to  wing 
drag and fuselage-tail drag. 

Airplane and section Uft -drag ratios.  - The drag  curve^ of figure 6 
indicate that a t  M = 1.0, the respective  values of C f o r  the 

10 -percent  -thick w h g  and 8-percent-thick- wing airglases were approxi- 
mately 0.13 and 0.072. A t  this Mach  number the CR values of both tests 

were  ne- o .2. The approximate L/D values 

about 1.5 f o r  the 10 -percent  -thick win@; and 2.8 for  the 8-percent  -thick 
wing airplanes. 

Dt 

TTIcDt) would - be 

In figure 8 is 6 h m  the  variation of the ratio c & ~ ,  approxi- 
mately the wing section lift-drag rat io ,  ufth the  section normal-force 
coefficient cn f o r  M W 1.l6. These data w e r e  worked ug from the 
midsemispan preesure-distribution survey on the  8-percent-thick wing. A 
e&-friction drag coefficient of 0.006 was added to  the  section pressure 
drag coefficient  to get c It m y  be noted that a maximum sectian lift- 
drag r a t i o  of approximately 4.5 is reached a t  a section normal-force 
coeff icienl-, of 0.4 and is maintained over a cn mnge of 0.4 .i;o 1.0. 

d. 

A t  cn = 0.2, the wing 2/d is 3 .O, uhereas the airplane L/D at 
th i s  Mach nurmber and l i f t  coefficient W&B from 2.0 t o  2.3. From these 
data it is evident that at  the  high  altitudes and higheat Mach nuuibr of 
these drag t e s t s  the was operating at a CL below that for 
maximum L/D. If the wing is operated in the  region of cn giving 
a 2/d of 4.5, the L/D of the  8-percent-thick wing airplane might be 
expected t o  r i s e  to between 3.0 and 3.5. 

1. Tha tirag of the 10-percent  -thick wlng airplane WBB approximately 
80 percent  greater  than  the d r a g  of the 8-percent-thick wFn& &-lane at 
Mach nmber 1.0, and 60 percent  greater at rider 1.1. 

2. Appreciable interference  effects w e  present between fuselage 
and wlnga, m k h g  the separation of wing drag and fusektge-tsi.1 drag 
diff €cult. 

3.  NQ si@ificmt  effects  of power on drag were noted in these 
tes t3  . 
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4. For the  8-percent-thick wlng airplane  the  section lift-&% 
r a t i o  2/d f o r  the r~idEtemisptm wing section at M 2 Ll6 and high a l t f -  
tude was about 3 .O, whereas the  over-all airplane lift-dra,g ra t io  L/D 
was between 2.0 and 2.3. A mazinmn wlag 2/d of 4.5 could be expected 
a t  a higher  section lift ooef'ficient  with  corremonding increase in air- 
plane L/D to between 3.0 and 3.5. 

Langley Aeronautical Laboratoqy 
Eational Advisorg C a m i t t e e  f o r  Aeronantics 

Langley Field, Pa. 

John J. Gftrdner 
Aeronautical Research Scientist 

Approved: 

Assistant C h i e f  of Research 
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Figure 3.- Reeolution of total a i rp lane acceleration vector along 
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